Doubly charged trimeric cluster ions: effective in mutual chiral recognition of tadalafil and three proton pump inhibitors.
Mutual chiral recognition of four stereoisomers of tadalafil and three pairs of enantiomers of proton pump inhibitors (PPIs) including pantoprazole, lansoprazole, and omeprazole, as well as quantitative analysis of enantiomeric excess is achieved on the basis of the competitive fragmentation of doubly charged trimeric NiII cluster ions. Compared with a singly charged trimeric cluster ion, a doubly charged trimeric cluster ion was proved efficient in the recognition of chiral drugs with one or multiple chiral centers, due to its rich fragmentation ions. Upon collision-induced dissociation (CID), the cluster ion [NiII(PPIs)(tadalafil)2]2+ yielded two diagnostic ions [tadalafil + H]+ and [tadalafil - benzo[d][1,3]dixoloe]+ through electrospray ionization quadrupole time-of-flight mass spectrometry. The abundance ratio of the two fragment ions relied mainly on the configuration of PPIs and tadalafil, and therefore the chiral selectivity (Rchiral) of one enantiomer relative to the others is different. The chiral recognition of all four stereoisomers of tadalafil was achieved by using S configuration PPIs as references, and S-omeprazole showed the best selectivity. The Rchiral values for R,R/S,S, R,S/S,R, R,R/R,S and R,R/S,R-tadalafils were 1.47, 1.17, 2.37, and 2.10, respectively. In a reciprocal process, the Rchiral was 1.36 and 1.31 for R/S-pantoprazole and R/S-lansoprazole, respectively, by using R,R-tadalafil as a reference. Although omeprazole is a racemic drug, it can also be discriminated with S-omeprazole. Calibration curves were constructed with favorable correlation coefficients (r2 > 0.991) by relating the ln(Rchiral) values to the isomeric composition in a mixture. The sensitivity of the methodology allows mixtures to be analyzed for the enantiomeric excess (ee) by recording the ratios of fragment ion abundances in a mass spectrum. The sensitivity of the methodology allowed the determination of enantiomeric impurities of 5% molar composition in individual compounds present in mixtures; the diastereoisomeric impurity of R,R-tadalafil could be quantified even at 1%. We believe that the developed method not only has scientific significance in qualitative and quantitative chiral analyses of tadalafil and PPIs, but also provides great opportunity for enabling the discrimination on a wide range of chiral drugs.